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Objective/Overview

Lay out several scenarios for infrastructure
deployment in the 2012-2025 timeframe

2012-2015: Initial introduction
2016-2019: Targeted regional growth
2020-2025: Inter-regional expansion




Approach

o |dentify infrastructure to support deployment
scenarios in the 2015-2025 timeframe

— Based upon HyTrans estimates for station needs
In a given time period (Scenarios 2 & 3)

— Emphasis on urban deployment to best match
anticipated hydrogen demand
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Baseline H2 Demand Results

Hydrogen Infrastructure Demand
Consumer Strategy
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Baseline Demand with Policy Emphasis

Hydrogen Infrastructure Demand
Consumer Strategy - Policy Emphasis
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Top Urban Areas
Lighthouse Concept Targets

Los Angeles/Riverside/Orange
County/San Diego

New York/Northern NJ/Long
Island

San Francisco/Oakland/San
Jose/ Sacramento/Yolo

Boston/\Worcester/Lawrence
Washington/Baltimore
Chicago/Gary/Kenosha
Detroit/Ann Arbor/Flint

Dallas/Fort Worth

Atlanta
Houston/Galveston/Brazoria
St. Louis

Minneapolis/St. Paul
Philadelphia/Wilmington/
Atlantic City

Phoenix/Mesa
Denver/Boulder/Greeley

[Urban areas = F(H2demand, population, vehicles) ]
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Regional Deployment Approach

Representative City Deployment and Regional Infrastructure
Scenario 3




Deployment Scenarios
Infrastructure Rollout

2012-2015 2016-2020 2021-2025
Scenario 1 <100 Stations ~200 Stations | ~1500 Stations
Limited Cities
Scenario 2 <100 Stations | ~1200 Stations | ~4000 Stations ﬁ%
All 20 Cities :
Scenario 3 <100 Stations | ~1400 Stations | ~8000 Stations @
All 20 Cities ﬂ
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Infrastructure Roll-Out

Scenario 2 Scenario 3
Urban Area 2012-2015 Stations 2016-2019 Stations 2020-2025 Stations 2021-2025 Stations

NY 20 200 554 1227

LA 40 400 751 965

San Fran/Sacramento 78 181 401

Boston 127 296 656

Detroit 90 210 465
Chicago 135 “ 316 0 699

Dallas 92 / / 215 477

Atlanta 74 “ 173 “ 382
Philadelphia 58 136 302

Seattle 27 63 140
Portland 55 123
Houston 192 425

Denver 88 196
Minneapolis 98 217
Washington 265 586

Miami 50 111
Orlando 35 77

St. Louis 85 188
Phoenix 99 219
Cleveland 83 183

Total 60 1282 3895, 7939 g
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Infrastructure Strategy

2012-2015
Initial introduction
Onsite reforming &LH2

Located at retail centers 2016-2019
Very high H2 demand Targeted growth
Onsite reforming & LH2
2020-2025 High H2 demand (LA/NY)
Regional expansion Good H2 demand

Onsite and pipeline req’'d

Good H2 demand (LA/NY)
All demand considered /
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Infrastructure Feasibility Survey

 Examined Initial targeted gas

stations in LA, NY, Dallas City | Feasible th Borderline
Feasible
- be§t de_m.and. areas A 5 20 15
— major civic airports
. NY 4 15 21
— traffic above 200,000 veh per day
. Dallas 7 14 19
— retall center
— 3,000 + registered vehicles

— major and secondary roads
— balanced coverage

Max Required 140°- 12740° SF
Avg Required 120'- 8520" SF

Min Required 110"- 6710°SF
30
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Infrastructure Roll-Ou

t
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2016-2019 Scenario 2 Scenario 3
Urban Area 2012-2015 Stations Stations 2020-2025 Stations 2021-2025 Stations

NY A 20 200 554 1227
LA / \ 400 751 965
San Fran/Sacramento / \ 78 181 401
Boston / \ 127 296 656

Detroi
etroit ’/ \ 90 210 465
/ 135 316 699
2012-2015: Initial introduction 92 215 477
. . 74 173 382
Onsite reforming & LH2 focus - 5 202
. 27 63 140
Located at retail centers - =
Very high H2 demand 192 425
88 196
Minneapolis 98 217
Washington 265 586
Miami 50 111
Orlando 35 77
St. Louis 85 188
Phoenix 99 219
Cleveland 83 183
Total 60 1282 3895 7939
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2012-2015: Initial introduction

Representative City Deployment and Regional Infrastructure
- Scenario 3
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2012-2015:

Initial introduction - LA
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2012-2015: Initial introduction - NY
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New York - Newark Urban Area
2012 - 2015




Infrastructure Roll-Ou

t

2016-2019 Scenario 2 Scenario 3
Urban Area 2012-2015 Stations Stations 2020-2025 Stations 2021-2025 Stations
NY 20 y 200 554 1227
LA 40 V4 400 751 965
San Fran/Sacramento / 78 181 401

Boston / / 127 296 656
Detroit / / 90 210 465
Chicago / / 135 316 699
Dallas / / 92 215 477
Atlanta / / 74 173 382
Philadelphia )4 / 58 136 302
Seattle / / 27 63 140

‘ '\ 55 123
/2016-2019: Targeted growth ) 192 425

. . 88 196
Onsite reforming & LH2 focus " o
High H2 demand (LA/NY) — =
Good H2 demand ) 35 77

\ SE— — 85 188
Phoenix 99 219

Cleveland 83 183

Total 60 1282 3895 7939
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2016-2019: Targeted growth

Representative City Deployment and Regional Infrastructure
Scenario 3

Metropolitan Areas

I 0122015 Did yOII klIOIII....
B 2162019 " "N?_-

O 220-2025 The central region represents roughly v
10% of US gasoline consumption
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2016-2019: Targeted growth - LA
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2016-2019: Targeted growth - NY

Proposed Hydrogen Stations
New York - Newark Urban Area
2016 - 2019




2016-2019: Targeted growth - Dallas

Proposed Hydrogen Stations
Dallas Urban Area
2016 - 2019
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Infrastructure Roll-Out

2016-2019 Scenario 2 Scenario 3
Urban Area 2012-2015 Stations Stations 3020—2025 Stations 2021-2025 Stations

/
NY 20 200 / 554 1227
LA 40 P 751 865

San Fran/Sacramento / 181 401
Boston / 296 656
Detrait ~ g\ 210 465
2020-2025: Inter-Regional expansion \Bi —
Pipelines become critical 173 382

136 302

Good H2 demand (LA/NY) = T

All demand considered _ =
192 425
Denver 88 196
Minneapolis 98 217
Washington 265 586
Miami 50 111
Orlando 35 77
St. Louis 85 188
Phoenix 5% 219
Cleveland 83 183
Total 60 1282 3895 7939
21
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2020-2025: Inter-Regional Expansion

Representative City Deployment and Regional Infrastructure
Scenario 3

Metropolitan Areas
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[~

"®Ganta Barbara
T

Los Angeles Urban Area
2020 - 2023

2020-2025: Inter-Regional expansion LA

Proposed Hydrogen Stations

e -I,r__?glrstow P —
Accessibility Population
3 Miles 83%
5 Miles 89%
10 Miles 95%
b Palm Springs

Did yov know....

Penetration into gasoline stations:
Diesel stations: ~42%
Ethanol stations: ~0.6%
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Freeway System

Counties

[T

Urban Areas B5 W E

—= —— 23

‘I:P"HEL Mational Renewable Energy Laboratory




2020-2025: Inter-Regional expansion NY

Proposed Hydrogen Stations
New York - Newark Urban Area
2020 - 2023

*  Proposed Stations (Total 554)
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2020-2025:

Denver and Minneapolis
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Station Progression

LA — 40 Stations

and Coverage

NY — 20 Stations

Accessibility Population
3 Miles 23%
5 Miles 51%
10 Miles 88%

Accessibility Population
3 Miles 12%
5 Miles 31%
10 Miles 66%

LA — 400 Stations

NY — 200 Stations

Accessibility Population
3 Miles 73%
5 Miles 83%
10 Miles 94%

Accessibility Population
3 Miles 57%
5 Miles 73%
10 Miles 76%

LA — 750 Stations

NY — 560 Stations

Accessibility Population
3 Miles 83%
5 Miles 89%
10 Miles 95%

Accessibility Population
3 Miles 80%
5 Miles 88%
10 Miles 95%
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2021-2025: Widespread utilization
In Scenario 3

e 15%+ of existing gasoline stations in key cities
e Connecting stations enable inter-regional

tra’n S p O rt .‘ (& 7_ kRePfesentative iy Deployment and Regional nfrastructure
e Focuson I

pipeline .

distribution

/"4000 stations in scenario 2\

8000 stations in scenario 3
~85 interconnect stations

\=-200 other interstate stations/

=,
‘I E'I\EEL MNational Renewable Energy Laboratory

=




Project Summary and Conclusions

 Each geographic location has unique
properties that make infrastructure unique

o Strategically placing stations maximizes
coverage early

* Rollouts are very aggressive, but at 7% to
15% there Is adequate coverage for
transition (based upon 3, 5, and 10 mile
travel distances)
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